Background: Emerging data suggest time of day of endoscopic procedures may affect outcome due to endoscopist fatigue and decreased concentration. We therefore investigated whether afternoon endoscopic retrograde cholangiopancreatography (ERCP) adversely affects patient outcome.
Introduction
Prevention of medical and procedural error is being emphasized in nearly all disciplines of medicine and surgery. Provider fatigue has been identified as a source of such error and has been a central focus of improving safety. 1, 2 Within gastroenterology, procedurerelated quality measures, including preventable errors and patient outcomes, continue to gain attention and importance. 3, 4 There are emerging data that time of day may be associated with differences in outcomes of some endoscopic procedures. [5] [6] [7] In one study, PM colonoscopies were not only associated with higher incompletion rates but also less adequate bowel preparation compared to AM procedures. 6 However, another study showed that in a short shift (3 hours) model, which ostensibly reduces endoscopist fatigue and procedural monotony, there were no differences in polyp detection rates as a function of time of day. 8 Endoscopic retrograde cholangiopancreatography (ERCP) is a technically demanding and high-risk procedure that requires substantial training and volume to maximize success and safety. In several large studies, relatively high adverse event (AE) rates have been observed following ERCP compared to other endoscopic procedures [9] [10] [11] ; however, only recently has time of day been studied with respect to ERCP outcomes. In the only published study in which the relationship between time of day and ERCP outcomes was assessed, no association was found between cannulation success, procedure completion rate, procedure length, or AE rate and time of day 12 ; however, this study may have been underpowered to detect small but clinically important differences, and was limited to outpatients and those without surgically-altered upper gastrointestinal (GI) anatomy. In this study, we sought to determine whether there is a difference in outcomes between ERCPs performed in the AM compared to the PM in consecutive inpatients and outpatients undergoing ERCP at a tertiary care center.
Methods

Patients and procedures
The study population consisted of adults who underwent ERCP at the Mayo Clinic, Rochester. After institutional review board approval, consecutive inpatient and outpatient ERCPs performed between August 2010 and April 2011 were identified, and electronic medical and endoscopy database records were reviewed for pertinent procedural, clinical, and demographic data. Patients with surgically altered upper GI and/or pancreaticobiliary anatomy (specifically, Roux-en-Y with or without gastric bypass, Whipple, and Bilroth II) were included. Advanced endoscopic procedures that did not involve ductal cannulation (e.g., pancreatic necrosectomy) were excluded.
ERCPs were performed by one of five senior therapeutic endoscopy staff with or without the involvement of one of two advanced endoscopy fellows. Patients were divided into two groups, those who underwent ERCP before 12 PM (AM) and those who underwent ERCP after 12 PM (AM), based on procedure start time. All ERCPs were performed with anesthesia support.
Outcomes and variables
The primary study outcome was AE rate. AEs were identified by review of the medical record as well as an existing institutional AE infrastructure. The existing institutional AE infrastructure is a documentation system that records all AEs from all endoscopic procedures. AEs were defined using previously established criteria 9, 11 and included bleeding, perforation, pancreatitis, and cholangitis. Our secondary outcome included procedural success rates. Procedural success was defined as cannulation of either duct, depending on procedural indication, and completion of the intended intervention as indicated by the procedural indication and findings.
Data on outcomes were abstracted using a standardized data collection form and sorted and extracted using an algorithmic software tool developed by members of the study team. Variables and outcomes were as follows: patient age, gender, setting (i.e., inpatient vs. outpatient), indication for ERCP, serum hemoglobin, platelets, creatinine, and international normalized ratio (INR), number of ERCPs each endoscopist performed on a single day, ERCP characteristics (e.g., sphincterotomy, biliary stenting), and ERCP complexity. ERCP complexity was graded from 1 to 4 using published consensus guidelines, with a score of 1 having the lowest complexity. 13 ERCP complexity scores were graded by E.M.N. and J.H.T. based on the procedure report; the two investigators reviewed each other's rankings and arrived at consensus agreement when needed to establish grading consistency.
Data analysis
All continuous variables were expressed as mean AE standard deviation (SD). Continuous variables were compared between AM and PM groups using a Wilcoxon rank sum test, while categorical variables were expressed with the frequency and percentage and compared using the Chi-square test. A separate subgroup analysis was performed for inpatient status and patients with altered upper GI anatomy.
Multivariate logistic regression was performed to assess for differences between AM and PM outcomes adjusting for important clinical variables based on previous literature as well as variables that were significantly different in univariate analysis. Separate models were developed for the outcomes of AE rate and procedural success rate. The initial multivariate model for AE rate included time of day, complexity, age, inpatient status, endoscopist, duration of procedure, and performance of sphincterotomy. Complexity and inpatient status were removed from the model due to lack of statistical significance. The initial multivariate model for procedural success rate included time of day, complexity, inpatient status, age, and performance of sphincterotomy. Complexity and inpatient status were again removed from the model due to lack of statistical significance. A smaller set of variables were used for procedural success model due to the low percentage of unsuccessful procedures.
All tests of statistical significance were two-sided, and P < 0.05 were considered statistically significant. All statistical analyses were performed using JMP statistical discovery software (JMP version 8.0; SAS, Cary, NC, USA).
Results
A total of 1006 ERCPs were included in the study, 512 (50.8%) were performed in the AM and 494 (49.1%) in the PM. Baseline demographic, clinical characteristics, and procedural indications were similar between the AM and PM groups, although patients in the PM group were slightly older ( Table 1) . Indications for ERCP were similar in both groups (Table 1) . AM ERCPs involved biliary balloon dilation, biopsies, and brushings and had fellow involvement, while PM ERCPs more often involved performance of sphincterotomy (Table 2) ; notably, overall average procedural complexity grade was not significantly different between AM and PM ERCPs, 2.28 versus 2.29, respectively (P ¼ 0.96). Procedural duration was longer for the AM procedures, 43.2 minutes versus 38.1 minutes, respectively (P ¼ 0.01) ( Table 2) .
With respect to the primary outcome, there was no significant difference in AE rates between AM and PM ERCPs in univariate analysis (Fig. 1) . The number of each AE is provided in Table 3 . The secondary outcome, procedural success rate between AM and PM ERCPs in univariate analysis was also not different (96.1% vs. 96.2%, respectively; P ¼ 0.95). There were 11 total deaths recorded within 14 days of ERCP (2 in the AM group and 9 in the PM group); two were direct result of procedural complications (1 pancreatitis; 1 perforation). The other deaths included one from a subdural hematoma, three from metastatic pancreatic cancer, one from cholangiocarcinoma, one from adenocarcinoma of unknown primary, one from pneumonia (present prior to procedure), one from complications related to HIV/AIDS, and one unknown cause. Of the deaths from ERCP complications, one was related to an AM ERCP, and one was related to a PM ERCP. We performed stratified analyses based on a priori subgroups to determine whether inpatient status or surgically altered anatomy were confounders. When evaluating inpatient and outpatient ERCPs and patients with and without altered anatomy separately, there was no significant association between time of day and AE or procedural success rates in either subgroup (data not shown).
Each endoscopist was assigned a number and their AE and procedural success was calculated individually. There was no significant difference among endoscopist AE or procedural success; however, the range of AE rates varied between 5% and 11.5%. The mean procedural complexity varied among the five different endoscopists but did not correlate with AE rate (Table 4) .
In multivariate analysis of AE rate, multiple models were constructed. The final model for AE rate included time of day, patient age, endoscopist, procedural duration, and sphincterotomy. Time of day remained nonsignificant in the adjusted model, while individual endoscopist and performance of sphincterotomy were both associated with AE with significant OR (Table 5 ).
In multivariate analysis of procedural success rate, we again constructed multiple models, with the final model adjusting for time of day, sphincterotomy, and patient age. Similar to AE rate, procedural success rate was not predicted by time of day in any of the models, while sphincterotomy was associated with a higher procedural success rate (Table 6 ).
Of note, there was no significant difference in AE rate for patients with surgically altered anatomy in the AM (7%) and PM (14%) groups, respectively (P ¼ 0.22).
Discussion
In this study, we investigated the potential association of timing of ERCP (AM versus PM) with AE rate and with procedural success rate. The results of our study indicate there are no significant differences between AM and PM ERCPs in either of these two main study outcomes. Instead, we found two other variables to be associated with outcomes: individual endoscopist and performance of sphincterotomy were associated with AE rate, and performance of sphincterotomy was associated with procedural success rate. To date, this is the largest study of ERCP outcomes as a function of time of day. In a study of this sample size, we had 80% power to detect a difference in AE rate from 8.4 for AM procedures versus 15% for PM procedures. Similarly, for procedural success, we had 80% power to detect a difference by time of 96.1% versus 91% for AM and PM, respectively.
We investigated whether there are differences in AM versus PM ERCP outcomes based on previously reported differences in other types of endoscopic procedures (e.g., rates of colonoscopy completion and polyp detection) as a function of time of day. [5] [6] [7] Factors attributed to worse endoscopy (colonoscopy) outcomes in afternoon procedures include increasing endoscopist fatigue, although no study has been performed which specifically measures self-recorded or observed endoscopist fatigue throughout the day. In the only previously published study of ERCP outcomes based on time of day, no differences were detected between morning and afternoon procedures, although the sample size was limited and only included outpatient procedures. 12 By including a larger number of both outpatient and inpatient ERCPs, the findings of our study confirm and extend those of the prior study, 12 suggesting if a difference existed it is likely quite small. Although our study did show significantly more deaths in the PM group, only two of these deaths were directly related to ERCP AEs, thus there was no clear association between deaths and time of day of ERCP.
There are several possible reasons as to why ERCP outcomes do not appear to be affected by time of day. One such reason may be the variability between ERCPs as compared to, for example, screening colonoscopy. There is evidence showing monotonous work is as harmful as moderate sleep deprivation for alertness at work.
14 Furthermore, monotonous roadways have been shown to have higher accident rates. 15 ERCPs are inherently different than screening procedures and frequently require meticulous review of The n ¼ 512 is the total number of procedures. AE, adverse event; ERCP, endoscopic retrograde cholangiopancreatography.
existing cross-sectional imaging and discussion with the referring provider. This coupled with the potentially severe and generally more common AEs of ERCP may lead to a heightened awareness compared to screening procedures, which can be monotonous and technically less demanding. A similarity can be drawn to recent data showing lack of effect of time of day on outcomes in organ transplantation and small-bowel enteroscopy. 16, 17 Another possible reason for the lack of association between time of day and ERCP outcomes may be related to scheduling. At our institution, endoscopists are protected from having to perform more than six ERCPs in 1 day as procedures are split between two to three locations by two to three different endoscopists on any given day; in our study, endoscopists completed four or fewer ERCPs per day. Moreover, the advanced endoscopists' time is protected, as most do not participate in clinical duties such as hospital or consult service and sameday clinic. In addition, the need for night time call is also limited. There are several limitations to this study. Inherent to retrospective studies, causality cannot be determined, among other shortcomings of retrospective studies. Generalizability of our findings may be limited given that this was a single center study from a tertiary care center where all ERCPs are performed by highly experienced endoscopists and with anesthesia support. Lastly, we were unable to include a larger number of variables in our multivariate analysis given the low numbers of observed AEs and procedural failures. We included patients with surgically-altered GI and pancreaticobiliary anatomy; this may limit the degree to which the findings herein can be generalized, as many centers do not perform these complex ERCPs.
In summary, in the largest study thus far of ERCP outcomes as a function of time of day, we have found that there were no significant differences in AE or procedural success rates between AM and PM ERCPs. Future studies should investigate the association between ERCP outcomes and time of day in other practice settings, where scheduling practices, use of anesthesia support, endoscopist experience, and safeguards to minimize AEs and endoscopist fatigue may be different. 
